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polynomial coefficients, i ® 1,4 
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section drag coefficient 
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SUMMARY 


Contour modifications were designed to increase the maximum lift coeffi- 
cients of 64 representative sections of the NACA 6-series family of airfoils. 
The modification consists of increasing the thickness of the upper surface 
from the leading edge to the position of maximum thickness. The modifications 
were generated using a numerical optimization routine coupled with an aero- 
dynamic analysis code. The type of modification presented here can be used 
for new aircraft design or for the retrofit of current aircraft to improve the 
stall characteristics and climb performance. The coordinates of the modified 
airfoils are presented with plots of the forward 45/^ of the profiles and pres- 
sure distributions for both the modified and unmodified sections at an angle 
of attack of 14°. 


INTRODUCTION 


The NACA 6-series laminar-flow airfoil sections were designed for low 
drag coefficients near the design lift coefficients. In practice, however, 
these sections rarely achieve low drag in flight because manufacturing toler- 
ances or poor care do not allow the laminar flow demonstrated in the wind 
tunnel under controlled conditions. Furthermore, laminar-flow sections 
usually exhibit a greater decrease in maximum lift coefficients with decreas- 
ing Reynolds numbers than the NACA 4- and 5-digit sections. Because of these 
t haracter ist ics , a method has been developed to modify the contour of the NACA 
6-scries sections to achieve greater maximum lift coefficients without 
adversely affecting the drag near the design lift coefficient for a turbulent 
boundary layer. 

The contour modification consists of increasing the thickness of the 
upper surface forward of the point of maximum thickness. This type of modifi- 
cation, suggested in reference 1, was evaluated In two wind-tunnel tests con- 
ducted at Ames Research Center and a flight test conducted by Ohio State 
University. The sections tested were the NACA 64-212 (ref. 2), the NACA 
63-215 (ref. 3), and the NACA 63A415. * These tests showed increased maxiraum- 
11ft c oefficients with no drag penalty at the cruise conditions and can be 

'Cregorek, G. M. : Oral presentation at the Business Aircraft Meeting of 

the Society of Automotive Engineers. Wichita, Kansas, April 1979. 


interpreted to mean Improved stall characteristics and better climb perfor- 
mance. These experimental results particularly apply to aircraft with typical 
aluminum construction where rivets, lap Joints, and surface wavlness common to 
most general aviation aircraft prevent the development of laminar flow. 

The results presented in this paper extend the concepts discussed in 
references 1-3 to a family of widely used 6-8eries sections. 


DESIGN PHILOSOPHY 


The contour modifications presented herein were developed to Improve the 
aerodynamic characteristics of the NACA 6-series sections during climb and 
landing. The original 6-series profiles show large pressure "spikes*' near the 
leading edge for high angles of attack. The modifications were designed to 
reduce the pressure "spike" and relieve the adverse pressure gradients by 
adding bluntness to the upper surface forward of the position of maximum thick- 
ness. To. achieve this "spike" reduction, the curvature was minimized at sev- 
eral chordwise stations near the leading edge. The profiles obtained from the 
curvature minimizations were compared to determine which gave the lowest pres- 
sure "spike" with reasonable leading— edge bluntness. The "best" airfoil 
obtained was selected for inclusion in this handbook. 

Curvature minimization was chosen over the more direct method of reducing 
the pressure coefficients at the "spike." The computation of curvature is a 
straightforward calculation involving only the geometry of the airfoil section. 
The computation of pressure coefficients, however, requires a complete flow 
analysis and is therefore much more time-consuming and costly (typically, an 
order of magnitude more costly) Test cases were run using both the method of 
curvature minimization and direct pressure "spike" reduction, and similar 
results were found for both techniques. 

Two types of design constraints were needed to ensure the pressure "spike" 
reduction using the curvature-minimization technique. The first constraint 
was imposed on the thickness at x/c = 0.005, requiring that the. ordinate of 
the modified section be greater than the ordinate of the original 6-series 
airfoil. This constraint ensures that the reduction of curvature would be 
achieved by adding rather than subtracting bluntness from the upper surface. 

The second type of constraint was imposed on the second derivative y" at all 
points from the leading edge to the position of maximum thickness to prevent 
reflexed curvature. The second derivatives were constrained to help promote 
smooth pressure distributions near the region where the modification blends 
with the original section. Both types of design constraints depend only on the 
airfoil geometry. They are easily calculated, as is the curvature, making a 
complete flow analysis necessary only for the initial and final profiles. 

n»e computer program used for the design of these modifications consists 
of an NACA 6-serles ordinate generation program (ref. 4), a polynomial fit 
procedure, an aerodynamic analysis program (ref. 5), and an optimization 
routine (ref. 6). These routines were coupled to facilitate the generation of 
the multiple optimization runs necessary for determining the best chordwise 
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position for curvature minimization, 
be used to generate modifications for 
Including all 6A-series sections, and 
Center, 


The computer program developed here can 
any e-serles section not presented here, 
can be obtained from Ames Research 


DESIGN METHOD 


flttlM^^inii step in the modification of the 6-series sections consisted of 


y - bjxl/2 + b 2 X + bgx2 + b^x3 + bgX** 


( 1 ) 


reLoi*'^o^hr™rH?f?T’'^®5 specifying three ordinates along the 

region to be modified, and by specifying the ordinate and slope at the match 

Lundlrv^^onHi^r polynomial are shown in figure 1. Two 

ordinal T 5^® modified region, namely, that the 

ordinate y and the slope y’ match the original profile at the match nolnt 

condltlon‘*/®’^^r‘^^''® chosen as a boundary 

variables and hence more flexibility 

i±n^tl Ilf, , ® y" boundary condition results in a 

minute reflex in the pressure distribution at the match point. Such reflex is 

not apparent in any of the figures contained herein due to the compressed 
scale needed for the high angle-of-attack pressure distribution. Since the 

0»-anSrof^atf 1 insignificant, a sample pressure distribution at 

0 -angle-of-attack has not been Included. 

The exponential power of the first term of equation (1) (the sauare root 
term) was allwed to change during the design process to assist in blunting 
the leading edge. The equation now becomes ® 


y = 


ajx®** + CjX + a^x^ + a^x^ -f CgX** 


' 1 ' 


( 2 ) 


riluMnn^i through a^ are the design variables perturbed by the optimization 
routine to achieve the desired Improvement, and C, and C, are constants 
de,.t«lned by the Initial section and the bonndary'condltlons. Thrortglnal 
the forward region of the upper surface described by the fitted 
polynomial, was the initial airfoil required to start optimization. 

optimization process is depicted in figure 2. The aerodynamic coeffi- 
cients and the curvature k at a point are calculated for the initial airfoil 
section. The profile is then changed by perturbing the first coefficient in 
equation (2) while keeping coefficients L through I coJsJant ihrcJ^^^^ 

vlth iesoecrJ^^®** Partial derivative of curvature 

other thJee cneff?^ <^°”^oted using a one-sided finite difference. The 
?i^!I perturbed in turn, and the four partial derlva- 

gradient of the curvature 7 k. The direction i In which the 
coefficients are changed to reduce the curvature is -7k (the direction of 
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clcntB In this dlrectlon°md"MarJhoB'IlnU '*’* '"’*>'"“"‘“1 CMffl- 

tho nonunearley », t.e design ."elj id“ “ 

out violating any constraints When «•», decrease the curvature with- 

reduced without any violated constraints *’®®" substantially 

lates and prints the coordinates fSr thf’fJ^ i analysis code calcu- 

the final .nreasure dl.tXwon a^d tSe “1th 

developn»nt of the airfoil ““’^1"8 

several values of x/c near the lea 'ini ''®® minimized at 

reduction in the poeaaure ...pihe'. with"?.:^f^;gri:X”L‘Je‘ ?J::n‘?‘e:^^:“ 

design Jarlablea ir8w'irflguM'’3r'Th”o«iS'‘M Problem using two 
curvature minimization with only a, and a P^^®^ 2 ^tlon problem depicted is 
straints were imposed. The first is on the variables. Two con- 

the second on y”. the second dS^lvStJSe " 0-005. and 

one or more const Lin ts\re°violated ^and^a^f°"^lh?” infeasible region where 
straints are satisfied. Minium ^LatSL in Se J" 

Assumed starting values of a, and a, a^e 5 u® sought, 

of curvature Vk Is calculated for thirLlnr ^ gradient 

In aj and a^ as i - -Vk. i„ this direction of change 

to reduce curvature. Movement in direction ? and must be decreased 
straint is encountered at point B /°”<=i"ues until the y» con- 

derivative Vy" is requlrL along'with gradient of the second 

Now aj must be increased, and f decr-L a ® ”®'' direction i. 
along the y" consLSnt.’ ?hf optlmurC^shLraft^”*^^®/"’'''®’'"’'® 
of constant curvature with the least val..P I line 

the y" constraint. ^ feasible region Intersects 

problem beLL^lJ^tL'^InfeLible^Lg^^^^ No^a^dir M ^ 

that wUl move toward the feasible region with ® determined 

while overcoming the violated second-derLrJ?*^ minimum Increase In curvature 
requires an Increase in b^t^ a! anff® SJ ^uch a move 

a direction s is then detLLerLL'*win®lJ^" ^®«<=hed. 

until the optimum is attained. A more comnietf»®af^°”® ^ constraint 
by numerical optimization is given In refereice’??^^'^'^®®*®" airfoil, design 


design results and discussion 

Improve the Lxlmum-llL'^oeffi^iLts'^an^ sections presented here is to 
incurring drag penalties at ‘he cruise cLd???®® without 

aluminum construction. This’type of modific^^^^L^^?e^^rrd^^®aV£?®;. was 


tested for the NACA 64-212 (ref. 2) and the NACA 63-215 (ref. 3). Here the 
term Mod. B is used to define a general type of contour modification which Is 
achieved by adding bluntness to the forward region of the upper surface of the 
airfoil. Wind-tunnel results for lift coefficient as a function of angle of 
attackf drag coefficient, and pitching— moment coefficient are shown in fig- 
ures 4 and 5; note the substantial increase in c« for the Mod. B sections. 

Plots of experimental pressure coefficients for the NACA 63-215 and the Mod. B 

sections are shown in figure 6 to demonstrate the effect of this type of contour 

modification on pressure coefficients and pressure gradients. It is clear from 

the figure that the pressure recovery is better for the 63-215 Mod. B than for 

the 63—215 section at a — 12®. The improved pressure recovery is consistent 

with the higher Co of the Mod. B profile (figs. 4 through 6 are repro— 

niHx 

duced from refs. 2 and 3). 

The 64 6-series sections chosen for modification are representative of 
the 6-serles sections currently used in industry. Modifications were devel- 
oped for thickness ratios of 9, 12, 15, and 18% at theoretical design-lift 
coefficients of 0.0, 0.2, 0.4, and 0.6 for the 63, 64, 65, and 66 sections. 

The coordinates of the modified sections and graphs of the forward 45% of the 
profiles and the initial and final pressure distributions are presented in 
figures 7-70. The pressure distributions shown for the initial sections were 
calculated for the airfoils with the polynomial fit of the modified region; 
however, calculations have shown that the difference in pressure between the 
original 6-series section and the section with the polynomial fit is small. 

The section modifications shown here can be used for new aircraft design 
or for the retrofit of current aircraft to improve the stall characteristics 
and climb performance. „ , . . 


CONCLUDING REMARKS 


A handbook of NACA 6-series airfoil modifications has been developed. 

The modifications were designed to Improve the maximum lift coefficients and 
hence improve the F^all characteristics of aircraft using NACA 6-series sections 
The modifications suown here are similar to modifications found to give sub- 
stantial Improvements in the high-lift characteristics of both 12%- and 15%- 
thick NACA 6-series sections during previous investigations (refs. 2 and 3). 

Such modifications could be used for the retrofit of existing aircraft or 
the design of new aircraft. Based on wind-tunnel and flight-test results of 
similar modifications, it appears reasonable to assume that these contour 
modifications will lead to Increased maximum lift coefficients, similar 
pitching-moment characteristics, lower drag at moderate lift coefficients, 
and no drag penalty at cruise condition when compared with the corresponding 
6-series sections for aircraft with typical aluminum construction. 
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Figure 12*- MACA 63-2X2 Mod B aiffoil section with pressure distribution 
and coordinates; a ■ 14®. 
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Figure 14 ♦* NACA 63*218 Hod* B elrfoll election with 
and coordi«iatesi a ■ 14®* 
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Figure 15.- NACA 63-409 
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Mod. B airfoil soctioft with 
and coordinates; n « 14 ®. 
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pressure distribution 
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NACA 63-412 Mod. B airfoil section v 
and coordinates; a - 14* 
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pressure distribution 
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Figure 17*- NACA 63-415 Mod. B airfoil rectlon with 
and coordinates; a » 14®. 
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pressure distribution 
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NACA 63-418 Mod* B airfoil section with 
and coordinates; a « 14®, 
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pressure distribution 
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NACA 63-609 Mod. B airfoil section with 
and coordinates; a « 14*. 
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.lOM 

.too? 


VI 

0.0000 
•,ooos 
-.001 1 
-,0010 
-. 00 ?? 
-.00?7 
-.Oooa 

-.O0S7 

-.0089 

-.0078 

-.0110 

• .0187 

-.o? 0 ? 

-.0?t1 

•.o?ss 

-.0?77 
-.0?9S 
-.0S1? 
-.0|?7 
-.0 VII 
-.0 ^70 
-.0|9t 
-.041? 
-»04?7 
-.iwi tM 
•#044S 
-,0449 

• .0 uSO 

•,oaaT 

•,044 I 


.37SO 
,4000 
,4?S0 
,4S00 
,4 7SO 
,SOOO 
,S?SO 

,ssoo 

,S7S0 

,8000 

,ft?SO 

,bSOO 

,ft7S0 

,7000 

,7?S0 

.7SO0 

,77SO 

,8000 

,8?S0 

,8SoO 

,H7S0 

,9000 

,9?S0 

,9S00 

,9ft00 

,97U0 

,9800 

,0900 

,99S0 

1,0000 


VU 

. 100 ? 
.10S9 
.10S1 
.10 38 
.10?0 
.0997 
.0971 
,0940 
.0908 
.0808 
,08?7 
*0783 
.0737 
.0888 
.0830 
.0S83 
.0S?9 
.0073 
.0018 
.OtS8 
.0300 
. 0 ? 0 ? 
.0180 
.01 ?8 
.010? 
.0079 
.OOSS 
.0030 
.OOlS 
• 0000 


tt 

•.0031 
• .0018 
•.0001 
• ,oSh? 
-.0300 
-.035S 
-.03o9 
-.0?H1 
•.0?S? 
-.0??3 
-.019? 
-.0101 
-.0130 
•,0099 
-,0070 
-.0041 
-.0010 
,0010 
.0031 
.0049 
.0063 
.0071 
.007? 
.008S 
.0C>9 
,OOSO 
.00 39 
• 00?4 
. 001 ? 
. OOilO 


NACA 61-613 Mod, B airfoil Hoot ion with proKBure distribution 
and coordlnatCH; a * lA*. 
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0 , r> (» 0 0 
.000^ 
.0<»rta 

.OlH'H 

,^>010 

.00^0 

,(vo^o 

, AO/J(* 
, ftoso 

, A#>00 
,^>^00 

, ftSOo 
. fthfto 
.0700 
,0H0n 
.0000 
*1000 
*tc>So 

*tsoo 

.17S0 

.^non 

.P'^Oo 
.?7Hn 
.1000 
, t?So 
.1^00 


o.oooo 

• 0(iSt 
.007^ 

• OOOo 
.Otoo 

• 0|| h 

• OIOS 

• 0?0^ 

.0|>f*0 

• 0 IhO 

• 0S0 4 

• 0^04 
.Oh«a 

• 07S| 
.0«08 
.0HS8 

• OOfM 
.OQao 
.0Q7a 

• t 0#J#J 
.10P7 

• M 18 

.< I8S 

• tIAS 

• H08 

.i;>Oh 

• l^to 
.t.»1 1 


^■^K«•ro a.- naca hl-hl8 


0,0000 

•••OOOh 

-#oon 

-.0017 

-•OOPI 

-•OOPO 

•.OO'IA 

•,oo^/| 

••0077 

•,ooaq 

•*0|^S 

•.opoo 

••0P<I7 

••OPA^. 

•*0110 

•*0 V7/J 

•*0iQ7 

••0<i1H 

-•0<M7 

•*0i:j7H 

••OStt 

•.OSIQ 

••OSAO 

•.OS77 

•.OSAO 

•♦OS®A 

-.OSPA 

•.OSPA 

•.OSP| 


. 17S0 
.aooo 

.OPSO 

,PSl)0 

.a7So 

.SOliO 

.SPSO 

.ssoo 
,S7So 
.6000 
.oPSo 
. aSoo 

,p7S0 
.7000 
.7PS0 
,7SOO 
,77S0 
• HOuO 
.HPSO 
.HSOO 
,H7S0 
.POOO 
.OPSO 
,9Sno 

.PhoO 

.PAOO 

.PPOrt 

,PP‘>0 

1.0000 


Mod. n .tlrtoll HivUot, with 

and co«rdliwto 8 ; a = 14 ®, 


• IPIO 

••OSrtO 

• IPOS 

••OSno 

.U<>1 

••OSpp 

• 1176 

••ospo 

• MSI 

••009% 

• 1US 

•.0P6S 

• lOPP 

••0«SO 

• toss 

••0^96 

• IO|<J 

••0360 

• 0P6P 

•.OSPP 

• OPPI 

•♦OPOP 

• 0A6P 

••OPOS 

• 0A1S 

••OPon 

• 07SA 

-•0167 

• 06PP 

-•01 So 

• 06 4A 

-.009% 

• 0S7S 

••00S9 

• OSIP 

••0OP7 

• OOdH 

.0001 

.OIHII 

♦ OOPS 

.oipn 

.009'4 

• OPSh 

• 00S7 

.OtPJ 

• 0061 

• 01 M 

.0060 

.01 on 

• OOSS 

. 00 MI 

.OOPA 

• ooSn 

• 003H 

• 00 SO 

• oopp 

• oois 

.001P 

lOOOO 

• ooon 


proH«urt‘ distrUmtl.m 
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O.OOOl) O^OftOO 

.OliO? ♦oo^s 

,oooa 

,000b ,00S7 

•OooH ,oabS 

.0010 * 007 ^ 

,00^0 ,00P7 

.ooio *0t1h 

*^>oao ,0iM 

.OOSO *0 joo 

.0100 .Ot^J 

.0?00 ,o?oo 

.<^^00 

.0000 .0117 

.OSOO .0^00 

.ObOO .03SH 

.0700 .0^73 

,0000 , 030 b 

,0000 ,0506 

.loou ,o«o^ 

.1#>S0 .Oa^p 

.1SO0 .0.435 

,17S0 ,00«0 

.Pooo ,o«/ia 

,0/4'I7 

.^soo ,oaao 

.r?sn ,oaso 

. 3000 .oaso 

,3r>S0 .Oo^o 

.3S00 .')«30 

Figure 23.-. NACA 64-009 


o,0noo 

•.003S 
-.0000 
•♦00S7 
*». O 06 *v 
•.007? 
••0007 
•*0| 16 
•.0131 
•. 0141/4 
•.OlOi 

•.0?«9 

0?AM 

•.0317 

•*0540 

•,03^0 

-»0373 

•.0306 

•#0506 

•.Oaos 

•.Oil?? 

• • 0 0 3 5 

-.Oaoo 

• •b/ 4 /ia 

• . 0 / 44 | 7 

•,0^09 

•.o.iso 

•.0(4 «30 

•♦ oaoo 
• .Oa^O 


. 3rso 
.4000 
.4?S0 
.OSOO 
.47S0 
,S000 

.s?so 

.SSOO 

.S7S0 

.6000 

.6?S0 

.6SoO 

,67S0 

.7000 

,7?S0 

,7S00 

.77SO 

,aono 

,«?so 

.ftSOO 
,«7S0 
,9000 
.9?S0 
.9S0 0 
.9600 
,9700 
. 9^00 
,9000 
.99S0 
1,0000 


Mod. B airfoil section with 
and coordinates; a - 14 ®. 
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.OaSO •.04S0 

.0449 •,0449 

.0444 *,0444 

,0417 -.0457 

,044>6 -,04?6 

.0414 -.0414 

.0399 -,0399 

.03H5 -.0563 

♦036S -.056S 

♦034S -.034S 

,03^S -,05?S 

.0305 -.0505 

•0?60 -,0^80 

,0?S6 -,0?S6 

. 0 ?%? -.O^S? 

«0?07 -.0^07 

.016? -.016? 

.01S6 -,01S6 

.0151 -.0151 

.0107 -.0107 

,0064 -,00H4 

,0061 -*0061 

♦0041 -.0041 

♦00?5 -,00?5 

,0016 -.0016 

.0011 •.OOM 

,0006 «.00()6 

.no«? -. 000 ? 

.0001 -.OOul 

.0000 -.0000 

pressure distribution 




NACA 64* *012 
MODtFIED 


0,00 oo 

o*ooon 

*000^ 

• ooim 

• oooa 

• 0OK<> 

, ooon 

.00 7a 

,000k 

.*>0«a 

♦ OiMo 

.''0*7' 

• Ot»#»0 

.* 1^6 

• 00^0 

• MSo 

,ooao 

.0160 

*rtoso 

.OlOh 

.0100 

• 0,>rjO 

.o,»no 

• O^^s 

,0^00 

.0^77 

, 0 <1 1> t» 

.oat 6 

• osoo 

.0/4 0 7 

,OKO|) 

.0a7? 

• 0/00 

.oaPi 

• OHOO 

• OStO 

*0*700 

• OSPS 

• 1 OOO 

.OSW 

• li^SO 

.OSKO 

• 1S00 

.0S7k 

• 1 /*»0 

• OSMb 

.^OOO 


*.7^«*0 

.OSPb 

• ?soo 

.o«;6g 

• ^7*10 

• ObOO 

• '000 

.OkOO 


.ObAO 

* '*>00 

.Okoo 

t*Uirc 24, 

NACA 04-(1 


O.ftOOft 

••00711 

• *4>0«a 
••00«^ 

••0|?h 

•.0|SO 

••Oj^Q 

•.01M6 

-•0S>S 

••0^77 

•.0ai6 

• *o<ia7 

• • 0a7<> 

•• 0S| 0 

•.os?s 

♦►.0S17 

•#0S60 

-♦0S70 

•*osn#» 

-♦oso^ 

••OS06 
-•OS09 
••O#fO0 
•• ^600 
•*0600 

••ObOO ^ 

j Mod* B alrlott «**ot 
and coordinatoH; a 


• ♦0^O0 ••0600 

,«ooo ,os>»M -.0S*»n 

,0S9| -,0S«| 

.«s«0 ,os »0 -, 0 S «0 

•cinj -.0S*S 

.s«oo ,os*i* -,ns<i« 

.S^SO .os^M 

.SSOO ,oso*t «, 0 S 06 

.S7S0 

tbftoo tOass ••Oa^s 

-.0«?r 

,fc^0« ,0»v; •,0)97 

,0)*.7 -.0)1,7 

♦!""" .04*’' -.OHS 

»0)0^ “.OJo^ 

'llun -,0?)0 

.HOOO .0^0) -.O^O) 

‘D^aa •0»^0 -,uI70 

*2lHn .Ot)** -.imo 

,M7SO .OtOH ••OlOH 

• *7000 #00 N ••00 /'I 

*o«n2 -.OObi* 

• ♦00^0 -.otv*) 

• *7600 •00«*t ••OOf'l 

*?%LV1 *0014 ••onto 

• *1000 •0007 ••0007 

••OOol 

• *7*7SO *0001 ••0001 

*00o0 ••0000 

Ion with proHHuro dUt rllntl loti 
« 14 . 


X. 






x/c 


X YM Yt n 

ft.OOOo 0 «A(M>o O^OOOO 

«0oa^ •*on««> *<1000 

.nooa *006H ,/i<>SO 

,oo«t •,onAi ^.jsin> 

.OOArt *00^? **47Srt 

,ooui *!»!('/> •.A|a? ,sooa 

,OOi>0 .OMO •♦^1^0 ,S?SO 

,00^0 .IM67 •*01#,; *SSO0 

*lMAg •«0|AQ ,S7S(V 

.aoso ,b0iu> 

*Ofrto ,6i>S0 

.Ai>rt0 

.Oifto ,0a^7 ,h7S0 

.oarto ,0«|A9 ,7000 

.OSOO ,os?h .,os;>t» ,7?So 

,060 0 ,OKSh •*OSSt< ,7*^00 

,0700 ,0SA6 -.OSO^ ,77S0 

,OHOo *0MO -.0|>10 ,0000 

,0*>00 ,06^0 ••On^o .H^SO 

,1000 ,06«H ..O^aft .MSIIO 

.1<>*^n *0oM^ •,OhA;> ;H7*)0 

,1*»00 ,07o^ ••07O^ ,9000 

.17S0 .07i>5 -,07;>^ ^Q^SO 

,?000 .07^*; -,07^S ,9S00 

.^?S0 *0/0<> •,07'J,> ,9600 

,?SO0 ,0706 •,0706 ,9700 

• ^^So .07/19 ••07/l» .9000 

,^000 .07H0 -,07«iO ,9900 

.^#’•>0 ,07S0 -,07S0 ,99'>0 

,isoo ,07So -,07sn 1,0000 

Flgurt' .>S.- NACA h^~0is MoO, W alrioU mvt Ion with 
aiul ootMilinatoH; a !/»*'. 

U 


Yii 

• 0 7SO 
,0796 
,07i6 

• 0T,>? 
.070^ 
.0660 
, 06SS 

• 06^6 

♦ 0S9S 
,0S6l 
,0Si?6 

♦ 04M9 
,09SO 
.0911 

,»n/o 

.0^^9 
,0?0« 
.0<>9 7 
.0?07 
.01^7 

.01 50 

♦ 009S 
.006^ 
.OOiS 
*00f»S 
.0016 
.0009 
,OOOA 

,000i> 

.0000 


YL 

•*07S0 
-.0746 
-,07i6 
-.07^? 
-.070% 
• , 0660 
-.06SS 
-. 06?6 
-,0S9S 
-,0S6l 
•* 0S?6 

-,0969 
-.09SO 
•♦0911 
-, 0 % 7o 

•.0S^9 

-,0?H6 

.0?97 


I'foMstirn 


-.0^0 7 
- . 0 1 6 7 
-.01 %0 
-,009S 
-. 006 % 
-,00%S 
-,O0<>S 
-.0016 
-,00u9 
-. 000 % 
-. OOlV 
-, 00 0(» 

H Mt r ihiit ion 
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Cp ^ 


* NACA 64-018 

MODIFIED 


y/c 0 



O.OOOfi 

O.Oooo 

o.oonp 

.OOOp 

,0OS7 

•.O0S7 

.0004 

,00 78 

•,0078 

. 0006 

,00<>4 

•,00P4 

. oooh 

*0107 

• • 0 1 0 7 

, 00 1 0 

.0114 

•.Olio 

,0O?f; 

.0165 

•.0165 

,00 40 

*010|, 

•.0|96 

. 0040 

*0pP3 

-•0??4 

.ooSo 

.Op46 

•. 0?46 

.0100 

*0 45? 

•.054? 

,opoo 

,0444 

•*0444 

,0 500 

*0SP1 

•, 0S?1 

,0400 

*OS8o 

•*0S8(v 

.osoo 

,06?8 

• *06?M 

. 0 6 >0 

,0668 

•,0668 

,0700 

.070? 

•.070? 

, OMOu 

.0741 

•*0741 

,o*»oo 

*07S6 

•.07S6 

,l«00 

.0777 

•.0777 


.XOOIJ 


*0HtO 

• »'O00 
*oorrn 
.OPOO 


• , f>M!0 

•.OHfiH 

•.OHQO 

• ,ngQs 
»* OAOH 
•*OPna 

• # n<>oo 

• , Aq/>o 


Figure 26.- NACA 64-018 


• S7S0 
.pnoo 
*a;>So 
, /*so a 
,47S0 
.Sftoo 

.s?so 

*SStM> 

• HTSO 
«6A00 
,6<>SO 
,6S00 
,ftTSo 

• 7<UM> 
,7AS0 
,7S()0 
.77SO 
,8000 
,Hi>SO 
,8S00 
,87S0 
,0000 
,o^S0 
,oSoo 
,060 0 
,0700 
.0800 
. OOoO 
,0OS0 

1 .0000 


Mod, B airfoil section with 
and coordinates; u « 14®. 

12 


,001)0 -.0< 

,0804 

*0881 

,08o<> .,0B 

*0840 

• 08U *,08 

•0770 .^07 

*0744 .,07 

*0706 •*07 

*06bS **0b 

*062i^ «*08 

• OS 7 7 •, OS 

*OSit -,0S 

.0484 w.OO 

.044S ».04 

,0486 -.Oli 

.0447 .,04 

.0888 •.O?! 

•0A41 •.Opt 

•OIOS -.Olt 

•01SI •*U1‘ 

• Oil) •.OH 

*007 4 •*00( 

.0040 **,00^ 

•oopo •.COf 

*0010 •♦OPI 

•OOiO -*001 

,000'i •.♦>0« 

♦OOOP •.OOU 

,0000 • . 0 0 u 

pressure distributli 


J 




O.OUAO 

0,0o 00 


• 004>S 


• 0037 

*OA06 

, 0 0 a 6 

.000^ 

.O0S5 

.0010 

,00^0 


• 00M^ 

,00^0 

.OIOS 

.00<IO 

.01?,> 

.ooso 

.0130 

,0100 

.01O1 

,0|>00 

.o?s« 

,0300 

.0$ia 

,oaoo 

.03S3 

,osoo 

.os«s 

,0hO0 

.oaf 1 

,0/00 

.0433 

,OHOO 

,OOS1 

,0«>OO 

.041^7 

,1000 

.0401 

,1?Su 

.0SO7 

,1S00 

.0S?S 

.WHO 

.OS37 

,?ooo 

.osas 


.osso 

,?soo 

.0SS3 

,?/So 

.osss 

;^ooo 

.OSSb 


. OSSb 

.^SOu 

. OSSh 

Figure 27,- 

NACA 64-209 


o.ftono 

.37S0 

.OflOR 

,4000 

.Oftti* 

.4?S0 


,4S00 

.no?s 

,a7So 


.SOOO 


,s^so 

.''OSo 

.ssoo 

,on^R 

.S7S0 


,bOOO 

.ftOOft 

.o;?so 


,bSOO 


.67S0 


,7000 

.0|TM 

.7?S0 


.7S00 


,77SO 


,HOOO 

.OfPI 

,8^S0 


,«SOO 

.l>?RQ 

,A7S0 

.n;»7R 

.9000 


.9?S0 

,n<f*7 

,9S0l> 

.'Ml H 

,9M>0 

.n^?7 

,9700 


,9800 

,0%ni\ 

,9900 

.IM'M 

,99S0 

n<(iR 

1,0000 


Mod, B airfoil seotion wl 
and coordinates; a - U®. 


• OSSO 

-.OSqS 

♦ 0SS6 

-.034? 

.0SS3 

-.0339 

• 0S4b 

-.03?7 

.OS 39 

-.0319 

.0S?4 

-.0303 

.0SO9 

-,0?H9 

.049^ 

-. 0?7 3 

.0473 

-.0?S9 

♦ 04S3 

-.0?3A 

• 0430 

-•0?19 

.0409 

-.0199 

.03 *1 

-.0179 

• U3S4 

-.01S9 

• 0 3i?9 

-.0139 

•.0?9 7 

-.0117 

.0^9 7 

-.0097 

.o;>39 

-.0077 

.0^09 

-.OOS7 

.017S 

-.0040 

.0144 

-.00?3 

.0113 

-.0009 

.0093 

.oo>? 

.00S4 

.0009 

.0043 

.0011 

.003? 

.0011 

• OOdI 

.0010 

.0011 

.OOU 7 

• ooos 

.0003 

.00 0 0 

.0000 

pressure distribution 
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X yn VI 


y Vt 


ft.noAo 

0,0000 

0,0000 

,37SO 

*AOO^ 

• 00^5 

•.0010 

,4000 

*oooa 

,OOOH 

-,00?0 

,4?S0 

,0006 

,0060 

•.00?6 

.4S00 

,00AH 

,0060 

• .0031 

,47S0 

,0010 

,0076 

-.0036 

.SOOO 

,00P0 

• on<> 

-.00S3 

,s?so 

,00^0 

.01^7 

•.0066 

.SSOO 

,ooao 

• OISM 

-.0076 

.S7S0 

,ooSo 

*0177 

•,0066 

,6000 

.0100 

• 0?O6 

•♦oi?o 

,6?S0 

,0/>00 

,0^«0 

-.0164 

.6S00 

, 0 50u 

,0400 

-.0146 

,67S0 

.0400 

.0aS5 

-,0??3 

,7000 

.OSOO 

.0403 

-.0?'J6 

,7?S0 

,0600 

• 0S?6 

•,0?67 

,7S00 

,0700 

.OSS 3 

-.0?H6 

.77SO 

,oooo 

,0S76 

-.0303 

,8000 

,0<>OO 

,0S0o 

•.0316 

,ft?SO 

,1000 

.0613 

-.0333 

,8S00 

,1^S0 

.0»*4S 

•,036S 

,87S0 

.1^00 

,0666 

-.0343 

,4000 

,i7sa 

.066? 

-.0416 

,4?S0 

,?ooo 

.060? 

-.0437 

,4S00 

,?^so 

.0646 

•.04S3 

.9600 

,?soo 

.070? 

•.0467 

,4700 

,?7S0 

.0704 

•.0476 

,46«0 

.^000 

.070S 

0466 

^4400 

,^^S0 

.orns 

•,044? 

,44S0 

.Iison 

.0706 

•,044S 

1 ,0000 

Figure 28.“ 

NACA 64-212 

Mod. B airfoil 

section with 



and coordinates 

{ a - 14®. 
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• 0706 

•.049S 

.070S 

•.0441 

.0694 

-.048? 

.06H4 

•.0470 

.06/S 

-.045S 

♦ 06S8 

•.0436 

• 0658 

•.0416 

.061S 

• .0546 

.OS40 

-.037? 

♦ 0S6? 

-.0347 

.0S3? 

•.05?1 

.0S01 

-•0?44 

.0466 

-,0?46 

.0433 

•,0?37 

.0347 

• . 0?()6 

.0340 

-,0174 

.03?? 

•.otsi 

.0?H3 

•.01?3 

.0?4S 

• ,0046 

.0?06 

-.0070 

.0146 

-.0047 

.01 31 

•, 00?7 

.009S 

-.0010 

.0061 

.0003 

,1)046 

.0006 

.00 36 

. 00(16 

.00?5 

.0006 

.001? 

.0006 

.0006 

.0003 

.0000 

.0000 

pressure distribution 




O.OOOO 

,ooop 

.0048 

. fttiOa 

.0087 

, n»nb 

. 008 l 

.00 08 

*0005 

.0010 

.01 04 

.OOPO 

.014S 

.00 ^0 

. 0 1 7S 

. 00 ao 

.Opoo 

.ooso 

*oppp 

.0100 

.0504 

*OPOo 

♦ 041 1 

.OiOO 

.048b 

.0400 

.0S44 

,0S00 

.0S«0 

.ObOo 

.ObPQ 

.0700 

.ObbP 

.0800 

.Obftg 

,0*^00 

.071 \ 
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Figure 33.- NACA 64-415 Mod. B airfoil section with 
and coordlniites; .t = 14®. 
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Figure 59* - NACA 66-209 


. *3 

-i 

A 

1 

3 


VII 

VL 

.47S0 

• OSS'* 

-.U5i6 

,aooo 

.OSbO 


,4?S0 

.OSbrt 

•,0^90 

, asoo 

.OSoO 

•.U590 

.47S0 

.OSbO 

-.OJJO 

,SOd 0 

.ossa 

-,03J7 

,52‘>0 

,OSS<l 

•.0549 

,ssoo 

,osa8 


.S7S0 

♦ 0S4Q 


,f>000 

,os?r 

-.05} J 

,6?S0 

.0Sl4> 

•. 0 40 1 

.6Snn 


•.0?86 

,e>7So 

,o<iofl 

•. 0?67 

,700ft 

.0001 

•.0?9S 

,7?S0 

.0910 

•*0??? 

,7SU0 

.0478 

•♦0W8 

.77SO 

.0^94 

•.01 f? 

.8000 

.0406 

•.0196 

.8<>S0 

.0?68 

-.0119 

,8SU0 

.0??9 

-.0094 

,87S0 

.0189 

• . 0068 

.9000 

.01-49 

•.0049 

,9;>Sft 

.0108 

-.00?4 

,9S00 

.0069 

• » 0 0 0 6 

.^AO-O 

.OOSO 

• , 0 0 u ft 

,9700 

• ft ft a 0 

.0009 

,9HtiO 

• 00?6 

,O0u6 

,9900 

.001? 

♦ OOuS 

,ooso 

,0006 

.non 4 

,O0OO 

,0000 

.0000 


Mod, B airfoil 
and coordinates 


section with 
; a « 14®, 


prcsHure distribution 


.j65 .. 






n.ftpno 

0 , 0 c ^ 

.ftOSfl 

•.oon 

,007H 




,0|0S 


.ni If. 

•,00/il 

.0tS6 

•*0061 

,0lR«i 

• *rt07is 

.0?0«> 

•♦0OA7 





,0«PJ 

•*t)1 

,i<i7n 


.«s?t 


.flSMI 


,0S«9 

•.rtP<IQ 

,06 <n 


,(I6S6 


.0670 


,0700 

••rtSAi 

.07<l,» 

-.Oapx 

.077J 

-*oas«> 

,07<»7 


.OHIO 

•.0St9 

.Ofl^O 

•• BH/| % 

,0fl<tl 

••osba 

.0H/J7 


.OHS.* 

-.OSOH 

.OHIb 

• » 0<, 1 t 

,0HSH 



NACA 66-215 Mod. B airfoil 
and coordlnatoa 



.OdSO 

••Ohio 

• AOOO 

.0060 

••0b}6 

*aPSo 

, ORbO 

-•0659 

,asoo 

,0R60 

-•0640 

,Ti47bO 

• 0RS9 

-•0659 

.sooo 

,0MS6 

-•06SS 

• 5PS0 

.0R49 

-,06PA 

.ssoo 

,OR^H 

-•0619 

♦ S7b0 

• OAPa 

•,0606 

.6000 

,ORoa 

-•0SA9 

.6PS0 

• 0777 

-•0%6'S 

.bSOO 

• 074P 

-•OSiS 

.h7*>0 

♦ 0701 

••049H 

,7000 

♦ 06S6 

•,04SA 

• 7PS0 

• 0606 

-•0416 

,7S00 

• 0SS4 

-.057? 

.77S0 

• 0«9M 

-•05PS 

,8000 

• 0401 

-•0?7A 

.RPSO 

• 0%H1 

-♦OPiO 

,RSOO 

• O^Pl 

-,0t A4 

, 87S0 

• 0P6! 

-•OliA 

,9000 

• 0P01 

-• 009h 

,9?S0 

• 014} 

-,O0'>7 

,9S00 

• OOHft 

-•OOP4 

,9600 

, OObA 

-•0014 

.9700 

• 0049 

-•ooos 

,9H00 

• 00$0 

• 0001 

,99(10 

,0014 

• 0004 

,99S0 

,00« 7 

,000? 

) ,0000 

,0000 

♦ oooo 

?tlon with 

1 » 

prcHaurt* dlHtributlon 




6 



X YU YL 


n.0(»oo 

0 . 00 no 

o.Oooo 


.006^ 

•,O01? 

.00 a/4 

.OOAS 

•,0 0>A 

^0 006 

.010^ 

•.on^a 

. OuAM 

.0116 

• ,AOM 

.AOtO 

.«1?R 

• .0OA7 

.oo?o 

.017/1 

• .0070 

.ooso 

.0«>AH 

-.OOAA 

,ooao 

,0Pt6 

-.010A 

.ooso 

.o^sg 

-.0114 

.oton 

.O^/iA 

— .0160 

.0?Ao 

.0 06<? 

-,0<>17 

,OSOO 

.OS/M 


, naoo 

.060i 

-,0aQ7 

,OSOO 

.06S^ 

-.01^1 

.0600 

,.060S 

-,AS6^ 

.0700 

.07^/ 


.06Ao 

.076/i 

-.0/417 

.OOAO 

.07«t 

-,0/|/l? 

.1 00(1 

.0016 

• ,0/i6S 


,0666 

• ,0S1 

.tbOft 

.o«os 

0S6* 

' ,17Su 


-.060? 

.?r.oo 

.AOSb 

— fc 0 r \y 


.0P71 

— , 066 A 

.?H0ri 

,noHs 

- . 0 6 0 d 

.?7S0 


-.Of 1 7 

^ ^000 

,1000 

-.0717 


, 1 

-,07Si 

.tsoo 

.IAA7 

-.0767 


.57S0 

• 1009 

-.0777 

,4000 

.1009 

-,07H4 

,4?S0 

.1010 

-,07H9 

.4SOO 

.1010 

-,0790 

.47S0 

.1009 

-,07»9 

.HOOO 

.lOOS 

• ,0784 

,S/^SO 

.0996 

— . 0 7 76 

.5S00 

.0965 

-,0764 

.S7S0 

.09bS 

• .0747 

,6000 

.0941 

-.078S 

.h?50 

.0907 

• , 0 69S 

,6SU0 

.0864 

• , 06S6 

,67S0 

.0814 

-.0610 

,7000 

.07S9 

•,0S61 

.7?S0 

,0700 

-,0S08 

,7HU0 

.0657 

-,04S4 

,7tS0 

,0S71 

-.0597 

, 6-0 00 

,0SO5 

•.0559 

.M?SO 


•,0861 

.ASOO 

.0565 

-.0884 

,A760 

.0895 

-.01 70 

.9000 

.088^ 

•.0116 

,9?S0 

.01S9 

-.0078 

.9S00 

.0097 

-.005? 

.9600 

.00/4 

• . 0080 

,9700 

.00S8 

•.0009 

,9800 

. 0 0 58 

•.OOOl 

,99i|0 

,001S 

,0005 

.99S0 

,0007 

.0008 

t.onoo 

,0000 

,00l»0 
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Figure 63.-* NACA 66-409 Mod. B airfoil section with pressure dlstr Ibut lo.i 
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Figure 64.- NACA 66-412 Mod. B airfoil 
and ct^ordlnate 
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